vidual to interindividual variation (16 ) . When the index is low, particularly when it is Ͻ0.6, the dispersion of values for any individual will span only a small part of the reference interval. Reference values will thus be of little use, in particular for deciding whether a significant change has occurred. Conversely, when the index is high, particularly when it is Ͼ1.4, values from a single individual will cover much of the entire distribution of the reference interval. In this context, reference values will be of significant value for clinical interpretation. For total CoQ 10 , the index of individuality is 12.2/29.0 ϭ 0.42; thus, it is low.
In conclusion, we have derived data for the biological variation of CoQ 10 together with reference values for the New Zealand population. The low index of individuality for CoQ 10 indicates that individual CoQ 10 concentrations are tightly distributed around a homeostatic setpoint and that significant changes can occur within the reference interval. From a statistical perspective, seven samples should be evaluated to ensure that the estimate of the homeostatic setpoint is within 10% of the true value, with 95% probability (15 ) . From a clinical perspective, serial changes in CoQ 10 should be evaluated against the RCV to allow for both biological variation and analytical imprecision. A practical issue with the use of HPLC-MS/MS is the necessity of preparing whole-blood calibrators containing cyclosporine, tacrolimus, and sirolimus. With the introduction of everolimus, yet another set of calibrators will be needed. As with any assay for which in-house calibrators are prepared, this added variable will contribute to the interlaboratory differences observed in proficiency testing programs. The availability of either standard reference materials (SRMs) or uniform calibrators for use Recently, the Thermo Electron and Waters Corporations announced alliances to distribute Chromsystems products. Among the Chromsystems products are wholeblood calibrators and controls for cyclosporine, tacrolimus, and sirolimus, with everolimus to be added in future lots of material. The availability of multiconstituent whole-blood calibrators or controls would address the issues stated above, if validation of their performance were to be performed in actual laboratory use. With this in mind I undertook a set of experiments to answer several important questions: (a) Do the assigned concentrations in these whole-blood materials appear to be accurate? (b) When they are used as the calibrators, do the assays yield results for patient specimens that are similar to those obtained when validated in-house calibrators are used for the assays? (c) Do they yield expected results for separate commercial whole-blood controls and for proficiency testing samples? (d) Are there any apparent matrix effects associated with these materials that could affect the accuracy or reproducibility of results?
Application of Commercial
The cyclosporine for in-house whole-blood calibrators was obtained from Novartis, and sirolimus was from LC Laboratories. For tacrolimus, I used Abbott Tacrolimus II calibrators. For internal standards, the cyclosporin D was from Novartis, the 32-desmethoxyrapamycin was from Wyeth, and the ascomycin was from Sigma. Lyphochek whole-blood controls were purchased from Bio-Rad, and external proficiency testing specimens were obtained from the College of American Pathologists (CAP). The commercial calibrator and control materials were from Chromsystems. These consisted of a set containing a whole-blood blank, a single whole-blood calibrator, and four quality-control (QC) whole-blood samples covering the range of concentrations that would be expected in patient specimens. The target (assigned) concentrations for cyclosporine, tacrolimus, and sirolimus have been verified for the company by an independent set of reference laboratories. Assigned concentrations are provided for immunoassay (cyclosporine and tacrolimus), HPLC with ultraviolet detection (cyclosporine), and HPLC-MS (sirolimus and tacrolimus). The assigned concentrations used for comparison of results were the HPLC-ultraviolet detection (cyclosporine) and HPLC-MS/MS (sirolimus and tacrolimus) values provided by Chromsystems.
HPLC-MS/MS analyses were performed with the instrumentation, chromatographic conditions, and multiple-reaction monitoring transitions monitored for the immunosuppressants described previously (7 ) . Extraction of whole-blood calibrators, controls, proficiency samples, and human specimens was performed according to a recently published protocol (7 ). Because matrix effects or ion suppression could contribute to the performance of the commercial calibrators or controls (8 ) , additional solid-phase extraction (SPE) using a 25-mg (1-mL) Varian LMS crossed-linked styrene-divinylbenzene column (7 ) was performed.
For the "in-house" calibrators, I prepared 6 and 30 g/L whole-blood calibrators for sirolimus and 100, 200 and 400 g/L whole-blood calibrators for cyclosporine, and used the Abbott 6 and 30 g/L calibrators for tacrolimus. These calibrators and the Chromsystems whole-blood calibrator and controls were extracted and analyzed within a single run to avoid any day-to-day variation in instrument response. The in-house and Chromsystems samples were analyzed in three separate runs, and the mean measured concentrations were determined. Also included in runs were deidentified patient specimens, Bio-Rad Lyphochek controls, or CAP proficiency testing samples. Using the in-house calibrators in my laboratory's assay, I quantified the immunosuppressants in the Chromsystems calibrator and controls to see how closely the assigned values agreed with those measured. I then used the Chromsystems one-point calibrator (plus the zero blank sample) as the calibrator and measured the inhouse calibrators and Chromsystems controls. Lastly, I used the four Chromsystems controls as the calibrators and measured the immunosuppressant concentrations in the other two materials. I also measured the concentrations of the immunosuppressant drugs in the Bio-Rad controls and CAP survey samples, using the in-house calibrators, the Chromsystems one-point calibration, or a four-point calibration using the Chromsystems controls as assigned calibrators.
The mean values for sirolimus calculated with use of the Chromsystems materials, the Bio-Rad controls, CAP proficiency samples CS-01 and CS-02, and the in-house calibrators are shown in Table 1 . In the case of sirolimus, some differences Ͼ10% were noted (bold font in Table 1 ) when the calculated concentrations of sirolimus were compared for the Chromsystems materials and in-house whole-blood calibrators. This occurred for specimens prepared by zinc sulfate/methanol protein precipitation, but was not evident when the more extensive SPE preparation was performed. These results point toward a potential matrix effect (7, 8 ) rather than differences in the accuracy of the concentration assignments for the calibrators. This is also supported by the fact that the agreement of results for the CAP specimens and Bio-Rad controls was improved after the SPE cleanup.
For tacrolimus (see Table 1 in the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/vol51/issue2/), use of the Chromsystems materials or in-house whole-blood calibrators yielded acceptable agreement of results, whether the simple protein precipitation or the more complete SPE protocol was used for specimen preparation. Using any of the calibrator sets, I found acceptable results for the CAP samples.
For cyclosporine, the performance of the Chromsystems or in-house calibrator sets was also comparable ( Table 2 in the online Data Supplement). The calculated results for the CAP proficiency specimens and Bio-Rad controls were in slightly closer agreement with target values when SPE was added to further clean up the whole-blood specimens and to presumably remove additional constituents that could cause matrix effects. One would have to perform a separate study with different "artificial" or lyophilized specimens to verify whether a significant matrix effect exists for different HPLC-MS/MS cyclosporine assays.
To determine whether the comparability of the Chromsystems and in-house calibrators found above was a reproducible phenomenon, I evaluated a new lot of the Chromsystems four QC bloods, using these in a fourpoint calibration as in the experiments described above. The quantitative results obtained for four CAP proficiency samples and Bio-Rad controls when the two lots of the Chromsystems QC materials were used as the calibrators are shown in Table 3 of the online Data Supplement. The two calibrator sets provided similar results for tacrolimus, cyclosporine, and sirolimus.
The sirolimus linear regression data for patient wholeblood specimens, with and without SPE cleanup, are shown in Fig. 1 , in which the results obtained with the Chromsystems materials are compared with the in-house calibrators. The intercepts in Fig. 1 are nearly the same, but the slopes are closer to 1.0 after SPE cleanup; the regression data therefore indicated that the addition of SPE cleanup improved the agreement of results. Because the same patient samples were used for all experiments in Fig. 1 , a paired t-test was performed to verify this observation (Table 4 in the online Data Supplement). The P values in supplemental Table 4 demonstrate that when the Chromsystems materials were compared with inhouse calibrators, the differences in patient results for paired samples were statistically significant if the simple precipitation protocol was used but not significant if additional SPE cleanup was included. The results for patient specimens quantified by use of the in-house calibrators, with or without SPE, were not statistically different. This improvement in agreement for patient specimens after SPE purification also parallels the data in Table 1 , in which the agreement for sirolimus in CAP surveys and Bio-Rad controls was also better after additional SPE cleanup.
For tacrolimus, Fig. 1 in the online Data Supplement shows the excellent correlation and agreement for patient results with all selected calibrator sets. All slopes were close to 1.0, and no intercept (background) effects were present whether simple protein precipitation or additional SPE cleanup was performed. The comparisons for cyclosporine (Fig. 2 in the online Data Supplement) showed statistically equivalent quantitative results (P ϭ 0.187-0.704) for patient specimens when the Chromsystems material was used vs in-house calibrators. Because trough cyclosporine concentrations are routinely monitored at my institution, no random patient specimens with higher concentrations (e.g., c 2 values) were selected; the study was therefore limited to specimens with concentrations ranging from 50 to 400 g/L.
Several conclusions can be drawn from these data. The first conclusion is that the assignments for the immunosuppressant drugs for the Chromsystems materials agree with other in-house or commercial whole-blood calibrators for cyclosporine, tacrolimus, and sirolimus. The agreement extended to more than one lot of material. Comparable values were obtained for three types of samples: a commercial whole-blood control, CAP proficiency testing specimens, and actual human whole-blood specimens. In many laboratories, the regulatory agencies require multiple-point calibrations; the Chromsystems four QC materials can be used for this purpose. QC materials from other sources (e.g., Bio-Rad) can then be used.
The second conclusion is that although all of the calibrators tested performed acceptably with proficiency testing, QC, and patient samples, the agreement among values was slightly better when a more extensive SPE cleanup was used. This might be expected because previous work has shown, for these immunosuppressant drugs in whole blood, that ion suppression and assay imprecision are dependent on the type of specimen extraction protocol used before liquid chromatography-MS/MS analysis (7 ) . Nonetheless, the Chromsystems calibrator materials do not appear to be associated with, or subject to, severe matrix effects when used with the water hemolysis precipitation method that was used in this study. Because these are lyophilized materials and may contain unspecified stabilizers, plasticizers, and other components, matrix effects could still be a possibility if other specimen preparation protocols are used.
